We here describe the implementation of a program for optimizing the use of antibiotics (PROA) in a 128-bed regional hospital in Barakaldo, Spain, and the results obtained at 6 months. The study was a quasi-experimental prospective intervention study using a historical control group. A non-restrictive intervention model to help prescription, with a direct and bidirectional intervention was developed. The program consisted of an optimization audit of the use of antibiotics without pre-established personalized guidelines. Variables assessed included antibiotic consumption and costs, cost per process, mean hospital stay, and percentage of hospital readmissions. Data obtained during the 6-month study period (November 2013-April 2014) were compared with data collected between November 2012 and April 2013. A total of 307 audits were performed. In 65.8% of cases, treatment was discontinued between the 7 th and the 10 th day. The main reasons of treatment discontinuation were completeness of treatment (43.6%) and lack of indication (14.7%). The reduction of pharmaceutical expenditure was 8.59% (P=0.049) and 5.61% of the consumption in defined daily dose (DDD)/100 stays (P=0.180). The costs by processes in general surgery showed a 3.14% decrease (P=0.001). These results confirm the efficiency of implementing programs for optimizing the use of antibiotics in medium-sized hospitals with limited resources.
Background
Rational use of antibiotics, maximizing the therapeutic efficacy of treatment and minimizing the risks associated with emerging infections and the selection of resistant pathogens, is widely recognized as an integral part of good clinical practice [1] . The indiscriminate and excess use of antimicrobial drugs appears the most significant factor in the emergence of resistant microorganisms in recent years. However, policies to promote better use of antibiotics in the hospital setting have been extensively recommended but resistant bacteria have persisted despite the theoretical benefits of different strategies, including restriction of antimicrobials, cycling and mixing approaches, and the use of combination therapies [2] . However, due to the large degree of inappropriate antimicrobial use, the impact that all usage has on resistance, superinfections, and safety and the negative impact of infections caused by resistant microorganisms and Clostridium difficile on patient outcomes, national initiatives have been implemented to optimize antibiotic use.
In Spain, the Hospital Infection Working Group-Spanish Society of Infectious Diseases and Clinical Microbiology (GEIH-SEIMC), Spanish Society of Hospital Pharmacy (SEFH) and the Spanish Society of Preventive Medicine, Public Health and Hygiene (SEMPSPH), promoted the development of a consensus document for the implementation of programs for optimizing the use of antibiotics in hospitals (PROA) [3] . The aims of PROA included improving the clinical results of patients with infections, to minimize the adverse events associated to the use of antibiotics including the emergence and spread of antibiotic resistance, and to ensure the use of the most costefficacious treatments, but also to provide guidelines for the implementation of these programs in Spanish hospitals. In the framework of these recommendations, a program for optimizing the use of antibiotics was implemented in a regional hospital. This study was designed to compare antibiotic consumption and costs, cost per process, mean hospital stay, and percentage of hospital readmissions before and after implementation of the program.
Methods
A quasi-experimental prospective intervention study for optimizing antibiotic use in the in-patient setting with a historical control group was designed. The study was conducted in hospital San Eloy in Barakaldo, Spain. This is a 128-bed regional hospital, with a reference population of 135,172 inhabitants that belongs to the Integrated Health Care Organization Barakaldo-Sestao from the public health care system (Osakidetza) of the Basque Country. In September 2013, a multidisciplinary team including specialists in internal medicine, preventive medicine and public health, microbiology, and pharmacy designed a program for optimizing antibiotic use based on the principles of PROA consensus [3] and adapted to the characteristics of the hospital and to material and human resources available. The study was approved by the Commission of Infections and Antibiotic Policy (CIPA) and by the Direction-Management of the hospital.
The program was based on a non-restrictive intervention model to help prescription, the optimization audits were performed by internal medicine specialists in all patients who met at least one criterion for inclusion. Inclusion criteria were as follows: any patient in which antibiotics of restricted use by CIPA (echinocandins, daptomycin, linezolid, and tigecycline) have been prescribed; patients with antibiotic prescription longer than 6 days; antimicrobial interactions detected; patients treated with drugs susceptible of dose adjustment according to the renal function; and all patients in which with more than one antibiotic had been prescribed. Patients admitted to the special care unit were excluded. 
Results
During the study period, a total of 307 audits in 209 patients (56.5% men, median age 78 years [range 21-98]) were performed. Intervention of the PROA team was recorded on the 7 th day of treatment in 67.8% of cases, before the 7 th day in 17.9%, and after the 7 th day in 14.3%. In 65.8% of cases, antibiotic treatment was discontinued between the 7 th and the 10 th day. The most common drugs involved in audits were amoxicillin/clavulanate (14%), piperacillin/tazobactam (13.3%), and imipenem/cilastatin (11.4%). Lack of indication (14.7%) and completeness of treatment (43.6%) were the most frequent causes of treatment withdrawal.
The reduction of pharmaceutical expenditure in antibiotics was 8.59% (P=0.049) and the consumption in DDD/100 stays decreased by 5.61% (Table 1) . The costs by processes in general surgery showed a 3.14% decrease (P=0.001). The mean length of stay was 3.66 days before implementation of the program and 3.94 days at 6 months after implementation of the program (P=0.594). The percentage of readmissions to the hospital decreased from 5.7% to 4.5% (P=0.249).
Discussion
The present study shows a reduction in the consumption of antibiotics and pharmaceutical expenditures for these drugs as well as a favorable trend in the costs by processes after implementation of a Citation: Ugalde-Espiñeira J, Bilbao-Aguirregomezcorta J, Sanjuan-López AZ (2016) A Program for Optimizing the Use of Antibiotics in the program for optimizing the use of antibiotics in a medium-sized regional hospital in the Basque Country, Spain. In the PROA program, audits were performed on the 7 th day of treatment because this time allowed assessing discontinuation of antibiotic therapy in most infectious syndromes. According to data reported in our studies [4] [5] [6] [7] , audits could be started in our hospital on the 3 rd day of therapy in order to achieve an early optimization of the antimicrobial (indication, decrease of spectrum, sequential therapy) and reduction in the duration of treatment.
After implementation of PROA, there was a decrease in the consumption of antifungals, anaerobicides, and aminoglycosides. A reduction of 5.61% in DDD/100 stays was observed, although this percentage is lower than 13.82% reported by López-Medrano et al. [8] following application of a non-compulsory control program in the hospitalization units of six medical and surgical departments from a tertiary care hospital in Madrid, Spain. These differences may be explained by the characteristics of the hospital and the duration of the program (6 months vs. 12 months). Also, there was an 8.59% reduction (8, 444 .25€) in antibiotic expenditure. Our data regarding expenditures and consumption are lower than those found in other studies [9, 10] , probably in relation to hospital-related characteristics, short time of the study, and use of less restrictive interventions. Other factors including commercialization of generic drugs or arrangements with the pharmaceutical companies may influence upon acquisition costs.
About 40% of audits of the program were performed in the service of general surgery, where internists of the PROA program also provided support in medical complications developed by surgical patients. It was found a significant decrease of the cost by process at the level of this service. This may be useful as a reference point for further comparisons and for the development of improvement strategies.
Limitations of the study include the impossibility to provide clinical indicators or outcome results, such as mortality related to sepsis or to infection by methicillin-sensitive Staphylococcus aureus, or to assess changes in resistant microorganisms. Despite these limitations, this study shows the feasibility of a program for optimizing the use of antibiotics in a regional hospital and the benefits associated with this strategy, which have been already remarkable after a short period of 6 months.
